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The mode1 teats for DOBOP Creek Spillmy were perfomad in 1937. 
Thia report was prepared in 1966 frcm the original notea aad data. 
Naturally, methods of testing and design uonceptiona have changed in 
the intervening yams, thw, the logic f'oUwed in U s  test progras 
dosaribed In t h i s  report ~aif.dllftes somawhat frrm that which w o U  
be f 01lW t o d y e  
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3 tGDEL STUDES 

Deer Creek Da-n i s  located about 16 miles northeast of Provo, Utah 
( ~ i g u r e  1 ) '  The dam i s  a conbination earth and r o c k f i l l  s t ruc ture  
approximately 1,300 f e e t  long a t  the cres t ,  r i s ing  a d m u m  height of 
150 f e e t  above the bed of the  r i ve r ,  It intercepts  the  f low of t he  
Pmvo River t o  fonn a reservoir  with an estimated capacity of  l.41,000 
acre-feet a t  the maxLmnwater--surface elevation of  5417,0, 

The spillway a t  the r i g h t  abutment of the  dam (Figwe 2) is a 
concrete-lined open channel approximately 953 f e e t  long, designed t o  
pass a maximum discharge of 12,000 second-feet, Flow is controlled 
by two r ad ia l  ga t e s  21 f ee t  lone, by 20 f e e t  high in s t a l l ed  at the 
c r e s t  of the  spillway, 

The ou t l e t  works pass through the l e f t  abutment of the  dam, A 
12-foot circular concrete-lined tunnel approximately 437 f e e t  long 
extends from the trashrack s t ructure  t o  the  gate chamber, The gate 
chamber is constructed over a concrete tunnel.-plug i n  which a re  
i n s t a l l ed  two 5-foot by &foot high hydraulically-operated emergency 
gates,  Two 72.~fnch welded plate--steel  ou t l e t  pipes, contained i n  a 
horseshoe-shaped tunnel, lead from t h i s  chamber t o  the  valve house 
substructure where each branches t o  a k8..inch needle valve and a 
72-inch penstock, A t  the  downstream end of each penstock i s  a s t e e l  
bulkhead tcr provide fo r  a future  power unit, The two 48-inch needle 
valves a re  designed t o  pass a t o t a l  of 1,500 secod-feet  a t  the  maximum 
reservoir  elevation of 507,0,  

With reference t o  the spillway, the following fac tors  were 
investigated by model t e s t s :  

1, Flow Conditions i n  a l l  parts of the structure: and the 
determination of sui table  a l te rna tes  f o r  any portion of the  design 
which proved unsatisfactory,  



2. VeFification of t h e  discharge capacity of t h e  atnncturs, 

3, The extent of prototype scour t o  be expected i n  the  
channel below the st i l l ing-pool,  and t h e  determination of the best 
combination of steps, sills, and i n t e m , ~ l i a t e  s i l ls  t o  achieve 
the minimum scour, 

4,  Water-surface prof i los  f o r  the  entire s t ructure .  

Concerning the ou t l e t  works, sat isfactory answers were found fo r  
the  following problems? 

I, The p rac t i ca l i t y  of permitting the needle valves t o  
disc hare;^ directly i n t o  a pool in the  riverbed without concrete 
chutes and stilling-basins, 

2, The physical out l ines  of a s t i l l i n g ~ p o o l  t h a t  would 
pzevent (a) future erosion of the banks, par'ticularly on the 
l e f t  side,  (b) deposition of gravel and other  material  i n  t h e  
draft-tubes of t h e  power uni t s  and i n  the  r i v e r  channel, and 
(c) scouring and undermining of t h e  concrete foundations, 

3, The cietsminatlton of the  dimensions and location of 
individuA1 chutes  and sti l l ing-basins fo r  t h e  needle,valves i f  
such a pool proved unsatisfactosy, 

Approach Stntcturq 

The or ig ina l  s p i l l w  approach s t ruc ture  (~igure 3) was 
sat isfactory and no changes i n  it were made, Very l i t t l e  turbulencu 
was evident upstream from the c re s t  even f o r  t h e  maximum discharge 
of 12,000 second-feet and the  discharge capacity was shown t o  be , 
adequate (Figure 7). Flow conditions for  a r:idc range of discharges 
were observed, and data f o r  discharge curreti f o r  single and double 
gate openings were taken, 

The od.ginal chute and two a l te rna te  designs were tested fo r  
flow d is t r ibu t ion  and maximum wave heights (Figure 9 ) ,  Operation 
with the  or ig ina l  chufi;e indicated uneven dis t r ibu t ion  of flow which 
nearly overtopped the training-walls i n  t h e  upper portion of the 0.09 
slope at high discharges ( ~ i g u r e  8 ) ,  An a l t e rga t e  design, designated 
as the final design on Figure 9 ,  was developed which eliminated this 
charac te r i s t ic  and afforded more uniform flow dis t r ibu t ion  both vlth 
singPe and double gate operation, 

A s e r i e s  of 56 testa were conducted to detercpirae the beat cabination 
of step, sill,  and in tenmdia te  baffle piers t o  prevent ercessiva 
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scour below the paved apron, A l l  t e s t s  were run without riprap i n  the  
area below the sti l l ina-pool.  Scour and water-surface prof i les  were 
taken for  t h e  two f ina l  designs, and for  several  comparable designs 
involving 90-degree and 45-degree wing-walls (Figures 13 and 14)" 

Outlet Works Nodel 

Testing of the ou t l e t  works demonstrated the p rac t i ca l i t y  of 
permitting t h e  needle valves t o  discharge d i r e c t l y  i n to  a r i p r a p  
l ined pool without concrete chutes and still .ing-basins, 

The original  pool design (?igure 5 )  was tested with the needle 
valves s e t  i n  the  t'ollo~+ing combinations perpendicular t o  the ra lve  
house wall, with a valve convergence of 20 degrees, with each valve 
depressed 5 degrees and w i t h  a valve convergence of 20 degrees together 
with a depression of 5 degrees, Performance f o r  each valve se t t i ng  
was tes ted under c ~ n d i t ~ i o n s  of s ingle  and double valve operation, 

Pool Design Moo 2 was tes ted with a 2O-degree valve convergence 
acld A 5-degree depression, and finally with valve convergences of 
20 and 25 degraes with no depression, Each valve  se t t i ng  was again 
tes ted under s ing le  and double valre operation, 

Velocity direct ion s tudies  ware made on each design, and veloci ty  
measurements were taken a t  prototype distances of 10 f ee t ,  25 f ee t ,  
8'1d 190 f e e t  from the valve house fo r  the l a s t  two t e s t s  made on Pool 
Design No, 2, 

ELvperimentation indicated t h a t  docreasing the cross-sectional 
area of the  pool and turning each valve inward a t  an angle of 12-1/2 
degrees t o  i t s  or ig ina l  ( ~ i ~ u r e  21) improved the operation considerably. 
This arrangement provided sa t i s fac tory  flow patterns f o r  both s ing le  
and double valre  operation ( ~ i ~ u r e  15), and decreased t h o  amount of 
scour and deposition t o  a satis*tory minim- 

Tests with several  types of flow arresters i n  t h e  st i l l ing-pool 
and without r iprap demonstrated the necessity of ins ta l l ing  such 
devices t o  reduce scour (Figure 11) and t o  p c d t  a reasonable 
variation i n  tai lwater without destroying the ei'fectkrenees oZ the  
jump (~igure 15), The desf n shown i n  Figure 14, which W e  uee of 
11 Tppe A-2 dsntated steps f ~ i ~ u r a  10) l Z  &5 ba f f l e  p ie rs  a t  
Stat ion ~ # 9 5  (Figure 10) and a Type C-5 sill (Figure U)p was 
recommended fo r  construction i n  t h e  f ie ld ,  Tests on t h i s  scheme 
indicated a rmxhum sccur of approximately 6 f ee t ,  located about 
15  f e a t  b6low the  end of t h e  apron (Figure 14), and a l so  showed tha t  
a reduction i n  ta i lwater  elevation of 3 feet  below normal a t  12,000 
second-feet was necessary t o  cause the jump t o  sweep out of the  pool, 

The operation of the  prototype ou t l e t  uorke was obssrred and 
photographed on Pay 15, 1946, Ttae performance of the  tube valves 
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- 
conditions, Figures 23-26 show tho operation of the  prototype 
s t ructure .  Fifty-two-inch tube valves were in s t a l l ed  i n  the proto- 
type instead of t h e  48-inch needle valves shown on the prototype 
drawing i n  t h i s  report ,  

kecommendations 

I n  view of the model r e su l t s  obtainod, the following recorntiendations 
a re  made: 

1, The original spillway approach and gate s t ruc ture  should 
be retained, but i t  i s  recommended t h a t  the chute design be a l tered 
t o  that shown as the f i n a l  design in Figure 9, t o  maintain overal l  
sa t i s fac tory  flow dis t r ibut ion,  

2, It i s  a l so  recommended tha t  the combination of flow 
a r r e s t e r s  shown i n  Figure U be ins ta l led  i n  the s t i l l ing-pool  t o  
minimize .,tour downstrsam, and tha t  r iprap be used from the end 
of t he  st i l l ing-pool t o  a point 100 f e e t  downstream t o  a i d  i n  the 
prevention of scour, 

3, The recommended form of ou t le t  works pool should confoim 
t o  the design shown i n  Figure 21 with a t o t a l  valve convergence 
angle of 25 degrees and 0 degrees depression angle. 

The Models 

Spillwax 

A 1:48 model of t h e  spil lwar was constructed including a l l  pert inent 
features  (Figure 4). The model consisted of a headbox containing t h e  
approach topography and the gate  s t ructure ,  a long wooden chute, repres- 
enting the  sp i l l b iy  channel, and a tailbox containing the  st i l l ing-pool 
and downstream topography de ta i l s ,  

The headbox, 9 fee t  6 inches long, by 10 f e e t  3 inches wide, by 
1 foot 3-l/4 inches high,  was constructed of  wood and Uned with sheet 
iron. Necessary topographic d e t a i l s  were reproduced i n  concrete and 
the  gate and cres t  s t ruc ture  were made of redwood, The chute was 
fabr icated from plywood and water~ro@,fed to prevent warping, 

The tailbox construction was similar t o  the kleadSox9 The f loor  
of the  excavated channel downstseaa fram the s t i l l i n g - p o l  was 
simulated i n  sand, while the  s ide  slopes and other topography were 
reproduced i n  cement nLortwo This method of construction was used 
because it m s  p P m e d  t o  l i m i t  t he  scour studies t o  the floor of 
the channel, To discover more ea s i ly  the  areas where erosion might 
occur, sand was used Fn place of the r ip rap  shown i n  the  or ig ina l  
design, 



A hinged wood and canvas ga te  was i n s t a l l e d  a t  the  downstream 
cnc! of t h e  t a i l b o x  t o  regu la te  the t a i l w a t e r  elevation.  Water manom- 
e te rs ,  connected t o  piezometer openings i n  the headbox and ta i lbox,  
were used t o  lneasure t h e  e levat ions  of t h e  reservoir and ta i lwa ta r ,  

Outlet  Xorks 

A 1:20 model, e n t i r e l y  removed from t h e  spi l lway model, w a s  
constrllcted of the  o u t l e t  works, . f t  consisted of a t a i l b o x  con- 
t a in ing  t h e  two 2,R--inch needle valves, tho excavated ancl riprapped 
areas dounstrear~ f ron  t he  valves, and t h e  n e c e s s w j  water. supply 
p ip in5  and measurin-: (!evices (Figure 51,  

The ta i lbox ,  20 f e e t  0 inches long by 10 f e e t  G inches wide 
by 2 f e e t  6 inches high, was constructed of tile sane mater ia l  as 
that  of t h e  spillwzy model, 1, system of f a l s a  f loor ing  was used 
i n  o r i e r  t h a t  t h e  quantity of sand end rock used would not  be 
excessive,  and t h e  box depth would be sufficient t o  care f o r  any 
topography changes considered necessary, A 1 1  pe r t inen t  f e a t u r e s  
of the  excavated and riprapped areas downstreaii frat t h e  valves  
were reproduced t o  scale i n  t h i s  ta i lbox.  The undisturbed a l l u v i a l  
deposit  was reprgsented by sand, and rock of approximately 1-inch 
average diameter was used f o r  r iprap,  

A hinged wood and canvas gate ,  i n s t a l l e d  a t  the  doknstreaa end 
of the t a i l b o x ,  was used t o  r egu la te  t h e  e l eva t ion  of t h e  t a i lwa te r ,  
A water manometer was used t o  measure t h i s  elevation,  

The model n~edle valves, i n s t a l l e d  i n  the  upstrearn wall of the 
taklbox, were mounted i n  such a way t h a t  both v e r t i c a l  and i lor izonta l  
alinement could be changed i f  required,  ;dater was supplied through 
a 6-inch pipe which terminated i n  a manifold behind t h e  vslvos,  The 
valves were connected t o  t h i s  manifold by s h o r t  lengths  of rubber hose, 

Piezometers, located at the  upstneam ends of t h e  valves, ware used 
t o  determine pressure heads, The discharge w a s  measured by 4- and 
6-inch Venturi meters located between the  supply pump and manifold. 
The valve openings required for  each discharge ar~d head combination 
were determined from curves based on data which had been obtained from 
a previous ca l ib ra t ion ,  

Spillway Inves t iga t ion  

Approach and Crest  Studies  

'Fhe original approach f o r  Deer Creek Dan (piguro 3) consis ted  of 
a channel, curved i n  plan with c e n t e r l i n e  rad ius  of 150 feet, extendling 
from Station 3465.34, t h e  beginning of t h e  paved sect ion,  t o  the  c r e s t  
s t ruc tu re .  The sidevalls of t h i s  channel consisted of warped sections 
which gradually changed the d i r e c t i o n  of flow through an angle of 60 
degrees u n t i l  it became p a r a l l e l  t o  t h e  centerline of t h e  spillwaj-. 
The f l o o r  of the  channel was 4 f e e t  below t h e  maximum crest elevation.  
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This design was tes ted  f o r  a l a rge  number of flows withaboth 
s111qle and double gate operation, No serious d i f f i c u l t y  was exper- 
iexced, the  change of d i r ec t i on  i n  the approach being s o  gradual as 
t c  cause very l i t t l e  disturbance even a t  h i g h  discharges, Flow over 
the  c r e s t  a l so  was s a t i s f ac to ry  and no changes were considered necessary, 

The discharge curves f o r  s i ng l e  and double ga te  openings obtained 
Prom t h e s e  t e s t s  are shown i n  Figure 7, 

Chute Studies  

The o r i g ina l  chute design, as incorporated in the  model (~ igure  9 ) ,  
was 716,,9hVfeet i n  hor izonta l  l eng th  with a v e r t i c a l  drop of' 137 f e e t  
from c r e s t  t o  s t i l l ing-pool ,  This drop was achieved by a s e r i e s  of 
sirxple curves and slopes, The width of t h e  s t r u c t u r e  decreased from 
45 f e e t  a t  the gate  structure t o  30 f e e t  at' S ta t ion  6675,80, then 
increased from Sta t ion 9+85,00 t o  a width of 75 f e e t  a t  the entrance 
t o  t h e  st i l l ing-pool,  

Model t e s t s  at  maximum discharge indicated t h a t  these  changes i n  
w i d t h  were n ~ t  correct  e i t h e r  i n  loca t ion  o r  i n  r a t e  of change, l'here 
was a marked increase i n  water depth along the  sidewalls  i n  t he  upper 
port ion of the 0,25 slope,  This cha r ac t e r i s t i c  tecded t o  make t he  
flow d i s t r i bu t i on  enter ing t h e  s t i l l ing-pool  uneven, 

It was decided t h a t  a =ore balanced performance might r e su l t  from 
the design shorn i n  Figcre 9, F i r s t  Revision, It seemed t o  o f f e r  t h e  
advantage of allowing a g r ea t e r  increase i n  veloci ty  before the decrease 
i n  width began, This assueption proved erl-oneous, however, when the  
design was t e s t e d ,  A t  maximum discharge, t h e  nave height  was much 
grea te r  than  i n  t h e  o r ig ina l ,  and t h e  performance of t h e  jump indicated 
t h a t  the  amount of water en te r ing  t he  s t i l l ing-pool  from the  sides 
was much greater  than t h a t  from *,he center  of the  channel, 

The f i n a l  design (Figure 9) greatly decreased the  abruptness of 
the  upper t r an s i t i on  and performed s a t i s f a c t o r i l y  a t  a l l  discharges, 
Tests at  5,300 second-beet, w i t h  t h e  l e f t  gate open, a l s o  showed an 
even d i s t r i bu t i on  of the  flow entering t h e  s t i l l ing-pool ,  

Sti1lin~-oool Studies 

The original design of t he  s t i l l ing-pool  ( F i g u e  5) included a 
dentated s t e p  at  S ta t ion  12{45,00 and a combination Hehboek sill a t  
t h e  downstream end of the  s t i l l ing-pool ,  However, it was thought t h a t  
they might not b e  necessary f o r  t he  Pormi~tion of a s a t i s f ac to ry  jump, 
so the  first m o d e l  test of the  pool, M=-18 F i g u r e  11, was made without 

It was found t h a t  t a i lwa t e r  e levat ion 3,5 feet above n o d  was 
necessary t o  produce a s a t i s f ac to ry  jump for 12,000 second-feet, The 
t a i lwa te r  elevation,  at  maximum discharge, at which the jump swept out 
sf t h e  pool was only 1 foo t  below normal, In  Figure 15  are shown the  
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curves gjving minirmvn t a i lwater  elevations f o r  a sa t i s fac tory  jump and 
f o r  jump sweep out tit vwious discharges, These curves indicate,  when 

.compared t o  the  normal ta i lwater  cuwa, t ha t  any discharge of more than 
9,000 second-feet would not produce a sa t i s fac tory  Jump at normal tail- 
water elevation. This was a l s o  evidenced by the excessive mount of 
scour cause+. by t h e  max imum dischargi- at normal ta i lwater  .elevation 
when no r iprap was used below the st i l l ing-pool (Figure 11). The 
maximum scour occurred at  t h e  base of the l e f t  wing-wall, possibly 
caused by a strong eddy which was observed at t h e  point. 

Successive addit ions of a 3-foot dentated s t ep  (Figurea 13 and ll), 
and a 4-foot dentated s t ep  lessened the t o t a l  mount of scour, but did 
not eliminate the  s ide eddy at the baae of the  l e f t  wing-wall, An 
extensive se r i e s  of testa was then i n i t i a t e d  t o  determine t h e  best  
combination of flow lrrresters t o  eliminate ttiese objectionable features,, 
The s i ze s  and types of the  s t ructures  used a re  shown i n  Figure 10, 
These tests, together with the q u a t a t i v e  result8 obtained, a r e  shown 
i n  Table I, 

D 
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TABLE I (continued) 

--- --I-- -- ---------R-------------Y---- 

: Nulriber and : Number, ty-pe, : 
: type of : positior,  of i Type of : 

Test -- : s teps  used i b a f f l e e i e r ~  u s e d z s i l i  gsed? Observations 
DC--26 12, A-.2- :11, Bc-2, S t a t i o n  ; C-.2 :A good jump was formed; however-, c r e s t  was 

t 12b95 s 5 f e e t  beyond end of pool, Strong s i d e  
E --------- : eddxi causing-deep scour ,, ---------*-- ----- 

DC-27 : 12, AC.2 g l l ,  S- j j  S ta t ion  : C--*3 :Good jump with crest  a t  end of pool, Deep 
-- : l2$9$ : scour due to-eddies, - ---------- -- --P 

DC--28 : 12, A-2 : 11, 13 -1, Sta t ion  : C.-1 2 J m p  approximately t h e  sane as DC-27, Scour 
- --- - : 12$95--~ : was much l e s s  except f o r  lef t-corner hole, 

DC-29 : 12, A-2 : None C-1 :Long f l a t  juinp formed with more general  
0 

a - --- 2 S C O W .  DC--30 t 12, A-2 :11, .B-,?, S t a t i o n  : None :Much b e t t e r  jump than obtained previously, 
- 9 5  : : but general scour w a s  excessive. 

DC--31 : 12,  A-2 c l l ,  B-3, S t a t i o n  : C-L!+ :Scour much b e t t e r ,  but not as good a s  DC-30 
-- : 12495 : otherwise, __ --- - 

DC--32 : 12, A-,2 :12, B-2, S ta t ion  : C-14 :Scour very good, and jump c r e s t  moved i n t o  
: 12480; 11, B-3, : : pool. 

D : Sta t ion  13b8 : ---- 
DC--33 : 1.2, A-2 e12, B-2, S ta t ion  : C--14 :Results approximately t h e  sane a s  DC-32. 

: 12#84; 11 B-lg  : 

- : S t a t i o n  l3#02 - : 
DC-34 : 12 A-2 r l l ,  B-2, S t a t i o n  : ~-15-- :Results approximately t h e  sane as  DC-32. 

: 12#$4; 12, R-2, : 

- : Sta t ion  13f02 : 
DC-35 : &,A-2 :7, E.2, S t a t i o n  : C-14 :Jump not a s  gomi ae when a l l  t ee th  a r e  in ,  

: 12k84; 8,  3-1, : : but was s u f f i c i e n t l y  good. Lef t  scour 
: S t a t i o n  13k02 : : hole deep. 
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TABLE I (continued) 

---- - -- - ---- ------ 
: Number and s Number, type, : , 
: t.y-pe of posi t ion of : Type of : 

.-- Test : s teps  used :ba f f l e  p ie r s  used : s i l l  used: - - - -- Observations 
DC-44 ; 8. A-2 : None : C.-12 : 4.-f oot aux i l i a ry  training-.wall used, Result 

: ( 9  tee th) :  approximately same a s  DC-43e General scour 
5 : deeper showina t h a t  s i l l  i s  probably too h i&% ------ -- 

DC--45 8 ,  A-2 None : C-10 :4-f00t traininn-wall used, Amount of scour :a1 teeth) :  decreased, bu t  c r e s t  of jump was fu r t he r  
---- : doFntream, - 

DC-46 : lx A-2 ; None : Bucket :General scour much greater, Not an - 

F : design : ef f ic ient  design, 
DC--47 10, A-2 None : C-12 :Using 900wing-wall; more general  scour 

t. 0 - : (11 teeth): than DC-44. - 

DC-48 r 10,A-2 :lo, B-4, S ta t ion  r C-4 :Using 900 wing-wall; much be t t e r  scour . : l3#02 - : : conditions than DC-47. 
DC-49 : 10, A-2 r 9, B-4, S ta t ion  : C-4 :Using 900 wing-wall; l e s s  scour than DC-48. 

: 12484; 10, B-4 : 
e : s t a t i o n  13402 : 

DC-50 t 10, A-2 : 9, B-4, S ta t ion  : C-4 :Using 450 wing-wall; much l e s s  scour than 
: 12k84; 10, B-4 : : with 900 wing-wall. 
: Stat ion l.342 : 

DC-51 : 10, A-2 :lo, B-4, S ta t ion  : C-4 :Using 450 wing-wall; l e s s  scour than DC-48 
: 13i02 : o r  DC-50. 





inclusive, extended outward at a 60-degres angle from the left wing- 
wall, Test DC-38 (Figure 121, They were intended t o  eliminate the 
strong eddy existing in that  region, Although fairly successful, 
they m r e  not adopted because it was hoped that sane less costLy 
remedy could be discovered, 

Taste -7 to DCo52, inclusive, are eom arative t e s t s  wing 
90-degmo and LS-dagree w h g - w l l s  ( P i p s  $, A ccmpuison of =our 
on th6 centerlint to the maximum l a  &own in Figure  13, In general, 
no marked superiority i n  the case of the 454egree wing-wall was apparent, 

In Tests DC-53 and DC-5bo the lsnigth of the s t iUng-pool  rn 
increased t o  95 feet, using 450degmo wfngoudls, Any advantage gained 
waa not safficisnt t o  offaet t h e  additionel  costo 

It wns, therefore, decidpd t o  raturn t o  designs similar to DO>b7 
and DG&8, as t h q  seemed t o  offer scans prodm eron though ezcessitr 
scour ~ ~ c u r r e d  in t h e  area a t  the baas or the l e f t  wing-wall, Both 
deeigns combined the m h h m  number of ace.rsoz-y otructures necos8Orjr 
for god  ~forznance,, together w i U  airpplicity of design of thove 
8 tmcttl~(38 

One denti1 was added t o  the step in both tests, two bsfflo pierr 
were added in DC-55, and ons tooth was added to the Hehbock sill in 
DC-56, Comparative scour end wateroaurface profile t e s t s  were then 
pun, with the trapezoidal block and a i l 3  design usad i n  Test DC-55 
proving markedly superior in all respects ( ~ f g u r  uBo 

Xt was recomnended therefore, that this combination be adopted 
for protot. s eonstructlm, Node l  tests  M c a t 4  a maximum sc ol. 
approximat~y 6 feat, .~currlng at Station 3 95 with a ~~ g t h  
of erosion a t  the b..s of t h e  s i l l  af less than 4 fegt0 This ua8 
much leas then that indicated by a canparabbe t e s t  usin& the  Hehhock 
s i u  0 

Thia design afforded an acceptable Jump for PIL,000 second-feet 
at tailwater elevation 5282, 3 feet below normal. [Figure 151, h o  
jump d i d  not sweep olit unti l  the water surface was lowered to 5278, 

The r fprapl ined  pool0 provided for in the original d e s i g n ,  is 
net cormaronly ueed i n  aonguzletion with needle valve outlets, It was 
desirable in this case because of a coneiderable saving in cost we? 
that neceasarg for a concretfaolined structure, There was no necessity 
for complete freedom from scour, Hoorever, it was hperatfue that the 
amount of erosion not be 60 large as to cause the fornation of sand 



mater ia l  near the draft- tube ob t l e t s ,  Scour of s u f f i c i e n t  magnitude 
would a l so  contr ibute  t o  r ip rap  i n s t a b i l i t y  which eventually might be 
instrumental  i n  weaken in^ the  foundations of t he  valve house. 

I n  the model t e s t s ,  i t  was therefore  necessary t o  t ake  pa r t i cu l a r  
note of all phenomena which would cause such react ions ,  The major 
f a c to r s  wore considered t o  be: 

1, Direction and velocit,y of cur ren t s  i n  t he  v i c i n i t y  of 
the  draft-tube openings, 

2, The presence and magnitude of upstream and downstream 
currents  in a l l  s e c t i ~ n s  of the pool, 

3, Wave act ion,  

4, Scour and r i p r ap  movement, 

To observe and measure these  fac to rs  under extreme conditions, 
each modification of  design was t e s ted  w i t h  both valves  operating 
under maximum head and maximum discharge, with one valve operating 
under maximum head and maximum discharge, and with both valves operating 
under naxbum head and t h e  design discharge, 

By calcula t ion it was estimated t h a t  each prototype valve was 
capable of passing a discharge of 796 second-feet a t  the r m ~ x i m u n  
rese rvo i r  e levat ion of 542.7, Tnis was es tabl ished as the &mum 
discharge t o  be used i n  model t e s t s ,  The design discharge had 
previously been s e t  at  6W second-feet, 

Considering the  model scale ,  the  rnodel valves should be 2,4 
inches i n  diameter t o  be homologous t o  t he  4f3-inch prototgpe valves, 
However, s ince  2,8-inch model valves were ava i lab le  immediately, 
they were used i n  t h e  model t e s t s ,  Figure 22 gives  the calicrz-&on 
curves f o r  the 2,8-inch valves,  Ttie valve openings required t o  
obtain model discharges corresponding t o  the  maximum discharge and 
t h e  design discharge at 7,4 and 5,2 tu rns ,  raspect ively .  

Considerable d i f f i c u l t y  was experienced i n  determining the proper 
t a i lwa te r  e levat ion f o r  each discharge, During the first s e r i e s  of 
t e s t s ,  1-DCO-1 t o  4 - D C e 3 A 9  inc lus ive ,  Curve A i n  Figure 16 was 
used, This was a computed curve f o r  a s t a t i o n  approximately 220 
f e a t  downstream from t h e  a d  of t h e  ou t l e t  pool, based on tho premise 
t h a t  considerable accavating and cleaning of t he  r i v e r  channel below 
the  darn was t o  be done, A t  the beginning of the  5-DCO s e r i e s  of  
t e s t s ,  it  was decided t h a t  t h i s  work would not be done, and Curvo C 
was recommended f o r  use i n  t h e  remaining t e s t s ,  The curve was based 
on a sec t ion  about 560 f e e t  nearer  the  dam, Tnia uncertainty was 
responsible f o r  the va r i a t i ons  i n  t a i lwa t e r  e levat ions  f o r  equal 
discharges, which may be noted i n  the  descr ip t ion of the  too t s ,  



Effect of valve diver&nce and*reasion. The 1-DCO s e r i e s  of 
t e s t s  was run with the or ig ina l  design shown i n  Figure 5, Tho valves 
were placed a t  an elevation corresponding t o  elevation 5280 prototype, 
t he i r  axes being perpendicular t o  the  face of the valve house and 
separated bj a distance of 62 feet ,  

In  t e s t  1-DCO-1, 2 valves, 7,4 turns open, were operated, A 
maximum discharge of 15,590 second-feet (0,890 second-feet model) 
at a head corresponding t o  a reservoir elovation of 5417 was passed 
through the valves, The tailwntor elevation was maintained :t 
elevation 5275.6 (Figure 1 6 ) ~  The appearance of the pool w; .. i a i r l y  
sat isfactory,  The major portion of the  j e t  struck the water surface 
about 80 f e e t  downstream from the valve house, the disturbance ending 
about 35 f ee t  beyond, %en streams of purple dye.were injected i n  
the  water, no appreciable bottom ve loc i t ies  and upstream currents 
could be noted, The flow a t  t h e  pool ou t le t ,  however, was very rough 
(Figure 17), 

I n  Test 1-DCO-2, only the r i gh t  valve was operated with a discharge 
of 796 second-feet a t  t h e  same reservoir  elevation, A tai lwater elevation 
of 5273,6 was maintained, The pool conditions proved t o  be unsatis- 
factory, 'Fnere were no waves i n  f ron t  of the  draft-tubes, but  the  
veloci ty  of flow toward the  right side of the  pool was very high, Strong 
upstream currents along t h e  l e f t  pool wall and downstream currents 
along the  r igh t  wall  existed,  High bottom ve loc i t i e s  were a l s o  observed, 

Each o f  these  t e a t s  was run for  about 3 hours, After completion 
of 1-DCO-2, the scour was examined, A l a rge  area i n  fro* of the 
right valve, about 30 f e e t  by LO f ee t  prototype, at Stat ion 18:15 had 
been scoured t o  a depth of about 3 fee t ,  The remainder of the r iprap 
had not been moved, but the  sand channel beyond the riprap had been 
badly eroded fo r  a distance of 60 feet  ( ~ i ~ u r e  17), 

The eroded material was then replaced and Test 1-DCO-3 was runo 
I n  t h i s  t e s t  the valves were opened 5,2 turns,  resu l t ing  i n  a flow 
of 1,200 eecond-feet a t  t h e  maximum head, Tne performance was apgroxi- 
mately the  same as fo r  1-DCO-1, This design was part icular ly  unsatis- 
factory fo r  single-valve operation, Before making any attempt t o  
change the pool, i t  was decided t o  vary the alinement of t h e  valves t o  
observe the  e f f ec t  on performance, 

In Tests 2-DCO-1, 2-DCO-2, and 2-DCO-3, each valve was turned i n  
a t  an asgle of 10 degrees, The same t es t ing  procedure a s  t h a t  described 
i n  the 1-DCO s e r i e s  was used, This  design showed a w k e d  improvement 
in  performance, par t icu la r ly  i n  the cascl of single-valve operation, 
There was no scour in t h e  riprap, and the shooting flow along both 
s i d e s  was less evident ,  Erosion of the sand downstream from t h e  r iprag 
was decreased, 

I n  the  next se r ies ,  3-DCO, the  valves were returned t o  the  parallel 
position and each valve was depressed 5 degrees, Using t h e  sane teafbng 



procedure, it was discovered t h a t  wi th  two valves oporating, flow was 
concentrated i n  a small region near each side slope allowing an upstream 
current along t h e  bottom as far downotreola as Station 1.5%00, Single- 
valve operation also eave a strong back surface current  along the l e f t  
w a l l  of t h e  pooho The rfprap erosion.for t h i s  totat  w a ~  tho asere as for 
Teat buDCO, and acour fn the aand channel also occu~md,  although toss 
smaller Illlevee than fn the original designo 

Test Se~fes 4;DCO mas a aombinatfon of 2-iXO and 3-DCO, each valve 
being t u r d  in 10 degrees and depresae4 5 dcgrses, This deefgn gave 
cansiderable upstream flaw on each s ide during tua=fUalve operation, but 
w a ~  otherwise satis%actory in that t h e  flow was we11 centered in the 
p o o B ,  and there wem no bottom curreftea new the draf&-tubes, Sf@e- 
valve operatiem, h-~ ,  s t i l l  caused stsong upatrcam surface currents 
along the left w a l l o  'there was no movament of riprap,, but there was  
cons1derabl.e sloughing of t h e  sand ullopes damadrsmo 

o ,o Tests can Eha various valve msangearents 
i n d i c w o i g n  of tho pool itaclb, Xt h d  bean s a d a t  j .  
i n  dl t he  tests t h a t  &he width of t h e  -1 was too p e a t ,  parti~darw 
for a ~ ~ a l v e  operation, as shqm by the strong upetrean currents 
along the s i d ~ a l s , ~  The posl wan, ti~eref'oke~ changed as s h o w  eta 
Figure 210 The bottom width was reduced drora 78 feet t o  25 fee?,;; t h e  
aide s l s~ea  were changed to l-l/2sb; and the riprag extended apprcud= 
mately 60 foeto It was dl80 def in i te ly  established t h a t ' t h e  psopgsd 
rives channel excavation mruld not be carried out,, and C u m a  "Cn 
(Figure 16) -6 recumended as the proper tailwater eBexaiYion for the 
~smaf  nf ng tents ,, 

Ia Test Ser ies  5-XQ, the valve posltfonv used i n  4->KO wvre 
retained, Use of the new tailwater mrao increased the tailwater 
elwcitfon t o  5278,1 for Rw 1, 5;276,2 fo r  Run 2,, 4 52?7,4 for Run 30 
POP both doubP+ aml singlejvalre operation, t h e  pool appearance was 
improved over t he  previous t e s t s ,  but strong upstrean; currents existed 
a l o q  t h e  bot&cm with  both valves oporating, and t o  a lesser degree 
along the  l e f t  wall with m e  valve operating, For the latter condi.~ 
t ior,  t h e  nmin currant  flow was directed about 10 degrees to the l e f t  of 
t h e  pa31 centerl ine,  

Hate d es  It was suspected t h a t  many of these detrdmcntal 
eondi-by depressing the  valves 5 dagmes,  thus causing 
the j e t  t o  strike t h e  tailwater too directly, Serres  &DCO and 7-.DC(i 
were run, therefore,  w i t h  each valve turned in st 11.3 tfeg~ees and 12-&/2 
degrees, respectively, and with no vertical. tilt, 

Pitot-tube veloc i ty  measurments were made during both of t h e  last 
t e s t s ,  Ffgurs 19 is a comparison of prototype velocity intensities 
toward t h e  powerhouaa a t  distances of 10 and 25 f e e t  downstream, with a 
discharge of 1,590 second-feet at a resemoir elevation of S a y 0  Both 
show the superior i ty  of 25-rfzgrt.e total convergence and demoraserate t ha t  
tho upstream current8 a t  25 feet decreased su f f i c i en t ly  t o  oecme 
negligible a t  t h e  valve house w d 1 ,  





Pro~totulse Olserations 

On May 15, 1946, an opportunity was found t o  observe and 
photograph the  operation of t he  tube valves and sti l l ing-basin,  
Fifty-two-inch tube valves had been ins ta l led  i n  the prototype instead 
of the 48-inch needle valves shown on the prototype drawings i n  t h i s  
report ,  Reference i s  made t o  a l e t t e r  from the  Construction Engineer 
at Provo, Utah, t o  the Chief Engineer, Branch of Design and Construction, 
Denver, dbted June 17, 194.6, which states: 

"The operation of +,he outlek works s t i l l ing-basin has 
proved t o  be very satisfactory.  Under a U  conditions of operation 
the  major par t  of turbulence of the  water was  found occur in 
the  st i l l ing-basin,  and the turbulence occurring in the channel 
which leads from the st i l l ing-basin t o  the r i v e r  was not considered 
t o  be excessive, It has been found from past  operations t ha t  t he  
operation of one tube valve at high r a t e  of discharge causes a 
c i r c u l a r  swirling motion of the  downstream portion of the  s t i l l i ng -  
basin, Whenever possible all discharge in to  the s t i l l ing-bas in  i s  
divided equelly through the two tube valves, 

"Tie present condition of the  r ip rap  i n  the  s t i l l ing-basin 
and s t i l l ing-basin channel i s  considered t o  be good with the  
exception of one small a rea  on the  south bank of the  basin, This 
area of r i p rap  sloughed i n t o  the s t i l l ing-basin a f t e r  a concentration 
of surface drainage water had eroded the  bank upon which the  r iprap 
had been placed, The concentration of t he  drainage water resul ted 
from a spring storm of short  but intense duration w h a h  clogged a 
cu lver t  underneath the  highway on the  s ide  h i l l  immediately above 
the stilliag-basin, The necessity of dischargjag water into t he  
s t i l l ing-basin through only one tube valve during t h e  t h e  t h a t  the  
s t o m  occurred fu r the r  aggravated t h i s  condition, Repair work t o  
the  a r ea  of r i p rap  is being IIltrde at t he  present time," 

Figures 23 t o  26 i l l u s t r a t e  the operation of the  tube valves and 
the  stilling-basino 
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Figure 8 

Discharge of 12,000 second-feet, both 
gates open 

Discharge of 5,30(1 second-feet, left gate open 

DEER CREEK DAM 
r n E  SWIES 

Original  Design 



N O T E S  
In order to osrlsl tn ~n:eryretot~on,the vert~cal  scole 

for wC'dr l lrrfocrs has been elagerated Wofrr 
Surf~C'  levels ore aeasurrJ above the %p~l l *uy 
floor w ~ t h  o sccleof I Inch equals ten feel  The 
horizontal and i e r t ~ t d l  scule  for f h e p r o f ~ ~ e  ot 
the spfll\ha) floor 1s I  Inch equals 40  feet 

COMPARISON O F  WATER SURFACES 
AND CHUTE DESIGNS 

1 48 H Y D R A U L I C  M O D E L  STUDIES 

D E E R  C R E E K  S P I L L W A Y  





Figure 11 

Test DC-%-No Flaw Arresters 

Test DC-19--Step 3nly Test DC-29--Step and S i l l  

Test DC-28--Step, BeSfle Piers, Test DC-46--Bucket Design 
Sill 

mC2EEKI;LAM 
SCOUR STUI)m---ENTATWE !l!lETS 

Erosion After Flow of 12,000 Second-feet for 38 Minutee 



Figure 12 

Teat DC-32--Step, 2 Row of Baf- Test N-30--Step, Baffle Piers,  
fle Piers.  S i l l  No S i l l  

Test DC-38--Auxiliary Training 
wall 

Test ~~-47--90O Wing Walls 

Test ~~-52--450 Wing Wall DS-553- -&tended Pool, 4 5 O  Wing 
W a l l s  

DEEXl CREM DAM ' 

scorn STUD---REPRESEMT~TJE TESTS 
Erosion After Flow of 12,000 Second-feet f o r  30 Minutes 















VELOCITY  DISTRIBUTION 25 FEET FROM POWER HOUSE W A L L  
DISCHARGE 1590 SEC. FT, - TAILWATER ELEVATION = 5278.1 



RUN 7 -DCO- I  
DISCHARGE 1590 SEC. FT. 

TAILWATER ELEVATION =5278.1 

PROTOTYPE -- FEET  
0 5 

I MODEL -- INCHES 

NOTES:- Velocities shown o r e  in fee t  p e r  second 
in t h e  prototype. 

Model scale = 1:20. 
Prototype velocity = 4.471 x model velocity. 
Al l  velocities a r e  forward velocities. 

RUN 7-DCO-4  
DISCHARGE 1200 SEC. FT. 

TAILWATER ELEVATION = 5277.3 

BEER GREEK DAM MODEL STUDIES 
NEEDLE VALVE OUTLET WORKS 

COMPARISON O F  VELOCITY ClSTRlBUTlON 
FOR MAXIMUM AND DESIGNED DISCHARGES, 

MEASURED AT STA. I8+85.0 . 

F R C  11-18-37 



-R IPRAP . 

'2 B'NEEDLE VALVES 
6 . 2 1 ' 4 B O ~ E  BOX FLOOR 
PROTO LLEV. 5280 

- 1'.6'.-. - -............... 
.................... .......................... 

ELEVATlONS SHOWN ARE ABOVE BOX FLOOR~PROTO 5245) 
RIPRAP 1 0  BE EVENLY GRADED FROM 'I: TO I */;G~~PVEL 
AND TO HAVE A VERTICAL DEPTH OF AT LEAST 2" 

i' , , t' 
YODEL SCALI' 

. . C ,  . 

. . . . . . . . . . . . . . . . . .  

DEER CREEK DAM 
HYDRAULIC MODEL STUDIES 

SECTION C - C  SCALE RATIO 1:20 
FINAL DESIGN OUTLET WORKS 

01111. mC. bU.YITTLO 

1I.CLD J.V 6. I C C O I U C N O L O  

APPROVCO 



TAKEN FROM T E S T S  FOR KERN COUNTY CANAL OUTLET 
WORKS - F R l A N f  CAM. T E S T S  S E R I E S  4 -  F D  f 0 9- F D '  
INCLUSIVE.  

F.R.G. 9-14-37 

MODEL DISCHARGE IN SECOND F E E T .  

DEER CREEK DAM 

D I S C H A R G E  O F  2.8"  NEEDLE VALVES WITH 

VARIOUS O P E N I N G S  A N D  U N D E R  
\ 

VARIOUS HEADS 










